
1

Automation:  EO-1, Sensor Web, ST-5
Code 584 / Dan Mandl

ISD Technology Workshop    Jan 24, 2005



2Automation:  EO-1, Sensor Web, ST-5
Code 584 / Dan Mandl 2005 ISD Technology Workshop

Goals, Objectives, Benefits

Goal is to create a mission end-to-end 
software backplane
Benefits

Rapid mission reconfiguration
Mission flexibility
Mission component reuse
Progressive mission autonomy
Builds on GMSEC concept
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Vision for End-to End Mission Architecture

Ground SW Bus

Flight
SW Bus

Flight
SW Bus

Architecture Enables:
Architecture Enables:
- Plug-and-play mission SW bus
- Progressive mission autonomy
- Instant scalability

Flight
SW Bus

Path to Future

SC2 SW Bus A

SC2 SW Bus B

SC1 SW Bus B

SC1 SW Bus A

SC3 SW Bus A

SC3 SW Bus B

Gnd SW Bus

Seamless space/ground
interface
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cFE Ground Systems (ST-5 GMEC Components)

DHDS Archive

Ground 
Station 

Simulator

Optional Bus
Bridge

Hot-Loadable
Flight SW

Component

Onboard
Storage

Mission Autonomy Testbed

Power PC 1:  GMSEC SW Bus

Power PC 2:  GMSEC SW Bus

GMSEC SW Bus

ST-5 
Simulink

ASIST/FEDS

AMPS/Scenario 
Scheduler

Komodo

ITPS

FDS
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Components on Initial Autonomy Testbed

ST-5 GMSEC suite including ST-5 Simulink model-base operations 
software
cFE

Core reusable flight SW components
Level 0 and Level 1 processing onboard – GSFC

Onboard cloud screening
Autonomous Sciencecraft Experiment (ASE) – JPL

Onboard scheduling
Onboard science processing (feature detection)
Onboard autonomy 

Livingstone – AMES
Onboard model-based diagnostic software
Being considered for LISA

Ground station simulator
Wireless access point to simulate space to ground link
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Related Funded Tasks
Towards This Vision Using EO-1

On-board 
Processing

End-to-End 
Communications

Autonomous 
Coordination

Operational 
Testbed

On-board Cloud
Cover Detection 
Validation
(complete)

Hyperspectral 
Compression WG
On-board data mining
On-board intelligent 
image compression
Working group

Smart Antenna
Ground phased array
“Cell tower” com to sat              

Livingstone On-board 
Model Based Diag Tool
Autonomous anomaly 
diagnosis and 
recommendations

Autonomous Sciencecraft
Experiment(ASE) 
Onboard planning
Onboard science processing
Autonomous/event driven 
processing     

Science Goal Monitor(SGM)
Semi-autonomous 
coordination of imaging 

EO-1 Sensor Web demos
MODIS trigger EO-1 fire & 
volcano images
SGM/ASE coordinates 
images autonomously
R/T GOES cloud screening

Intelligent Distributed 
Spacecraft Technology 
Testbed

EO-1/ Gnd instr Sensor Web
Tiltmeters at Kilauea/Mauna 
Loa trigger EO-1 image

Preliminary EO-1 Autonomy Experiment
On-board planning
On-board feature detection
Dynamic SW Bus

(complete)

Funded by ESTO Funded by NMP Funded by IS Proposed activity

EO-1 Volcano Sensor Web 
campaign

Earth Phenomena 
Observing System 
(EPOS)
(planning system)
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CASPER Planner (in S/C) 
– response in 10s of minutes

SCL – response in seconds with rules, scripts

EO-1 Conventional Flight Software
reflexive response

Example of how we are attempting to tie together Onboard 
and ground planning and scheduling tools

Onboard Science

Band Stripping SW

Spacecraft Hardware

Instrument 
Data

Image

High level S/C State Information
Plans of Activities

(high level)

Sensor Telemetry

Commands 
(low level)

S/C State

Control Signals 
(very low level)

Observation
Goals

On spacecraft

Science Goal Monitor(on ground) 
-response seconds to days

Science High Level Goals
Status (web-based)

Sub-goals

Status

Existing

New

2

SCL is key adapter

to plug in our new

components
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EO-1 Virtual Observatory

Have been automating EO-1 operations over the past year using:
MOPSS
SGM
ASPEN
ASE
SCIMAN
EPOS
Sensorweb capabilites

E.g. cloud screening using other satellites such as GOES
SGM gateway

Allows direct command loads without operator intervention
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Future Implications

Building the autonomy testbed allows validation of a mission 
software backplane concept

Will enable future missions such as LISA, Flora and LRO to adapt
these capabilities
Will enable some present missions such as Terra, Aqua and Aura to 
retrofit appropriate functionality to improve present operations
Will facilitate interoperability between components developed by
different groups
Will provide a place to integrate various components to test 
concepts and then to sell ideas to future missions

Instills idea that certain capabilities are real and not “vaporware”


